The importance of immunoglobulin G (IgG) subclass responses in different infections has been elucidated for a number of organisms, but few parasitic organisms have been examined in this regard. In the current study, quantitative radioimmunoassays were used to examine the IgE and IgG4 subclass responses to larval Taenia solium. Patients were divided into clinically infected (CI) and probably uninfected (PU) groups. Unexposed normal subjects were used as controls. The CI group had elevated geometric mean levels of total IgE in serum (28.6 IU/ml) and specific IgG4 antibodies (438.8 arbitrary units [AU]/ml) compared with controls (8.3 IU/ml and 50.1 AU/ml, respectively). The CI group also had significantly elevated levels in cerebrospinal fluid of total IgG4 (18.6 ,ug/ml) and specific IgG4 antibodies (86.0 AU/ml) compared with the PU group (2.5 ,ug/ml and 1.6 AU/ml, respectively Antigen preparation. The antigen used for all assays was a lyophilized preparation of T. solium larvae culled from the muscles of an infected pig. This antigen was purchased from Native Parasite Antigen Service, San Antonio, Tex. The material was processed for 30 min in a ground-glass tissue homogenizer with 0.1 M phosphate buffer (pH 7.4) as the solvent, then frozen and thawed two times, and sonicated, and the suspension was centrifuged for 10 min at 11,000 x g at 4°C. The supernatant was saved, and the total protein (4) was adjusted to 2 mg/ml. The resulting antigen preparation was electrophoresed in a 10% polyacrylamide gel and showed 52 distinct bands by Coomassie blue staining. All antigens used in this study came from a single lot and were prepared at the same time, divided into aliquots, and frozen for later use. coupling of ligand to the solid phase. Anti-immunoglobulin heavy-chain antibody was coupled to cellulose disks which had been activated with cyanogen bromide (CnBr) (20). The disks were prepared with a 5.5-mm punch and a low-ash filter paper (Blue Ribbon 589; Schleicher & Schuell, Inc., Keene, N.H.). The disks were activated by solubilizing 25 g of CnBr in 500 ml of cold distilled water under an exhaust hood and adding 20 g of cellulose disks to the solution with constant stirring. The mixture was maintained between pH 10.5 and 11.0 by continuous addition of 2 N NaOH for 30 min or until 100 ml of NaOH had been consumed. The CnBr solution was then poured off and the disks were washed in 0.05 M sodium bicarbonate for 30 min. The disks were then prepared for storage by being washed two times in distilled water and then dehydrated in acetone. Two 50% (vol/vol) acetone washes and then two 100% acetone washes were used. The last acetone wash was poured off, and the disks were allowed to air dry under a vacuum. They were then stored in zip-lock bags at -20°C until used.
A predominance of certain immunoglobulin G (IgG) subclasses has been noted in the immune response to several antigens. IgGl and IgG3 usually constitute the principal immunoglobulin response to viral antigens and to some unencapsulated bacterial antigens (13, 25) . Polysaccharide antigens of encapsulated organisms stimulate principally IgG2 but also may elicit IgGl and IgG4 antibodies (13) . While much research has been done on bacterial and viral antigens, the only parasite antigens examined with regard to IgG subclass responses in human beings are those of malaria (24, 27) , filariasis (23) , and schistosomiasis (18) . The IgE responses in parasitic infections have been well documented and serve an important role in host resistance to certain parasites (3) . Interrelationships between IgE and IgG4 have been noted in several systems (17, 18) . However, the exact physiological role of IgG4 is unclear. Some investigators report that IgG4 blocks IgE (30) , while others suggest that IgG4 itself may be a reaginic antibody (29) . The purpose of the current study was to determine total and specific IgE and IgG4 subclass responses to larval Taenia solium antigens in sera and cerebrospinal fluids (CSFs) of patients with cysticercosis and human controls.
MATERIALS AND METHODS Specimen selection. Serum and CSF specimens were obtained from routine submissions to the Harbor-UCLA immunology research laboratory for Antigen preparation. The antigen used for all assays was a lyophilized preparation of T. solium larvae culled from the muscles of an infected pig. This antigen was purchased from Native Parasite Antigen Service, San Antonio, Tex. The material was processed for 30 min in a ground-glass tissue homogenizer with 0.1 M phosphate buffer (pH 7.4) as the solvent, then frozen and thawed two times, and sonicated, and the suspension was centrifuged for 10 min at 11,000 x g at 4°C. The supernatant was saved, and the total protein (4) was adjusted to 2 mg/ml. The resulting antigen preparation was electrophoresed in a 10% polyacrylamide gel and showed 52 distinct bands by Coomassie blue staining. All antigens used in this study came from a single lot and were prepared at the same time, divided into aliquots, and frozen for later use. coupling of ligand to the solid phase. Anti-immunoglobulin heavy-chain antibody was coupled to cellulose disks which had been activated with cyanogen bromide (CnBr) (20 Radioimmunoassay for total and specific immunoglobulin. The assays used for total IgG4 (2) and for IgE (5, 20) were described in previous publications. Briefly, isotype-specific capture antibody prepared in our laboratory (2, 20) There was not a statistically significant difference among the three groups with regard to total IgG4 in serum (Fig. 3) Fig. 5 and 6 ).
DISCUSSION
The level of total IgE has been studied in relation to parasitic infections (30) blot technique showed specific IgE antibody in serum to be present in 1 of 10 patients infected with larval T. solium (patient not in the present study groups). The small number of patients in whom specific IgE antibody was detected by Espinoza et al. (8) and the results of the present investigation suggest that while specific IgE is sometimes formed in response to larval T. sodium infection, it may be the exception rather than the rule.
Goldberg et al. (11) found that the level of total IgE in CSF was elevated in Mexican patients with cysticercosis compared with either Mexican patients without cysticercosis or non-Mexican controls. This is in contrast to our finding in a different cohort of patients that there was no difference in levels of total IgE in CSF between CI and PU patient groups. Only two patients in the CI group and one patient in the PU group had IgE levels above the lower limit of sensitivity for the current assay. The lower limit of sensitivity in the earlier study was 0.01 IU/ml, whereas the lower limits for the current study were 3.0 IU/ml for serum and 0.75 IU/ml for CSF. This difference in sensitivity may explain the lack of significantly elevated levels of IgE in CSF in the present work.
IgG subclasses have not previously been studied in larval T. solium infections. Although the mean levels for total IgG4 in serum followed a general pattern of CI > PU > controls, the differences were not found to be statistically significant. Larger numbers of patients and controls could lend statistical support to this pattern. The elevation of levels specific IgG4 antibody in the sera of CI patients compared with either PU patients or controls agrees with the findings for Brugia malayi (17) 28, 1990 antigen exposure (1 (8) found no correlation between humoral immune responses and clinical or radiologic findings in infected patients. Flisser et al. (9) found no correlation between clinical manifestations of cysticercosis and anticysticercus antibody as determined by immunoelectrophoresis. Corona et al. (6) , on the other hand, reported a correlation between an enzyme-linked immunosorbent assay and the clinical classification of neurocysticercosis as benign or malignant (6) . Further investigation of subclass responses in cysticercosis combined with an appropriate clinical stratification of patients may elucidate meaningful correlations for this disease.
Parallel IgE and IgG antibody responses have been described in both filariasis (16) and schistosomiasis (14) . Evidence gathered from investigation of these diseases (17, 18) seems to support the idea that IgG4 antibodies somehow modulate the IgE immune response. This interpretation could also apply to the current study. A strong IgG4 antibody response may effectively turn off or prevent an IgE antibody response. Also consistent with the data are the notions that IgG4 may be similar in function to IgE and that in individuals with neurocysticercosis IgG4 may be the predominant antibody response. Perhaps IgE is protective and only those subjects with little or no specific IgE response to larval T. solium are likely to develop cerebral cysticercosis. The precise role of IgG4 antibodies to most antigens, however, is not well understood. Both a protective role (29) and an anaphylactic role (28) have been proposed. Each hypothesis is supported by several studies, and a dual function incorporating both roles also has been proposed (24, 27) .
In conclusion, specific IgE antibodies, although occasionally detectable, are exceedingly low in titer and probably are not an important feature of the humoral immune response in patients with neurocysticercosis. The elevation in levels of total IgE in CI and PU patients compared with controls probably represents a naturally higher level of IgE in individuals from developing countries, where the level of parasitism is high. Larval T. solium stimulates a marked IgG4-specific response in both serum and CSF which is not reflected as a significant increase in the level of total IgG4 in serum but is reflected in the level of total IgG4 in CSF. The data from this study do not prove a particular role for IgG4 but suggest that it may be an important component of humoral immunity in patients with neurocysticercosis.
Clearly, more research into the role of IgG4 and other subclass responses in this infection is warranted.
